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Characteristics of brain and lung injuries of beagles in swimming battle position caused by underwater explosion

LI Yan-teng, CHENG Gang, WEI Bo-yuan, WANG Shu-wei, LU Wen-ying, ZHANG Lei-ming, DONG Chao, ZHANG Jian-ning
Department of Neurosurgery, the First Medical Center, PLA General Hospital, Beijing 100853, China

[ Abstract ]|  Objective To study the damage of underwater explosion to the brain and lung of beagles in the
swimming battle position. Methods Twenty healthy beagles were evenly randomized into 4 experimental groups (5 m, 8 m,
11 m or 15 m away from the explosion source) and a control group (n=4). Beagles in water were subjected to the explosion
of 1 kg 2.,4,6-trinitrotoluene (TNT) equivalent bare explosive 2 m underwater. Underwater and intracranial pressure sensors
and high-speed camera were used to record the process of explosion injury. Computed tomography (CT) scans of the head
and chest, as well as magnetic resonance imaging (MRI) scans of head were performed 3 h after the explosion. Brain and lung
specimens were taken 24 h after the explosion, and injuries of them were observed. Hematoxylin-eosin (H-E) staining and
terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling (TUNEL) staining were performed afterwards
to observe the histopathological changes and apoptosis of brain and lung tissues. Results The records of pressure sensors
and high-speed camera showed the injury process of underwater explosion included 2 stages: blast wave and bubble pulsation.
There were 4, 3, 1 and 0 beagles died in 5 m, 8 m, 11 m and 15 m groups, respectively. The head CT and MRI showed that
there was no obvious brain injury in the experimental groups, while the chest CT showed that there were intrapulmonary
hemorrhage, pneumothorax, hemothorax or pleural effusion. H-E staining showed that there were no obvious changes in the
brain tissue of beagles in the experimental groups, but the alveoli were ruptured, and there were a large number of red blood
cells in the alveolar cavity, and many inflammatory cells infiltrated in the lung interstitial. TUNEL staining showed only a
few positive cells in the hippocampus, while the alveolar epithelial cells and interstitial cells in the lung showed a trend of
extensive apoptosis and necrosis. Conclusion The main injury caused by underwater explosion to beagles in swimming
battle position is lung blast injury, while the brain tissue injury is relatively slight.
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Fig1 Experiment layout and the condition of beagles in water

A: The underwater explosive pond has a diameter of 60 m and a maximum depth of 10 m at the center. It is shaped as an inverted

truncated cone. The ambient temperature was 20-25 °C. B: Schematic diagram of the experiment layout. The source of explosion was

1 kg TNT equivalent bare explosive, the vertical distance from the water surface (D) was 2 m, and the horizontal distance between

beagle and explosive (L) was 5, 8, 11 or 15 m. C: The condition of beagles in water before blast. TNT: 2,4,6-trinitrotoluene.
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Tab 1 Physical parameters of 0.3 m underwater and intracranial pressure of beagles during underwater explosion

Horizontal Blast wave underwater

Bubble pulsation underwater

Intracranial responding peak

. pressure of beagle/kPa
distance/m -
Peak pressure/MPa Impulse/(Pa®s) Peak pressure/MPa  Impulse/(Paes) Blast wave Bubble pulsation
5 7.67 680.0 1.32 225.0 5.20 2.93
8 5.16 367.0 1.27 160.0 4.73 4.72
11 3.81 190.0 1.03 107.6 3.10 2.31
15 2.48 105.0 0.17 31.0 0.47 0.16
5 -
3.81 MPa
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Fig2 Changes of underwater pressure and intracranial pressure of beagles 11 m from explosion source

A: Pressure curve at the point of 0.3 m below the water surface 11 m from the explosion source during explosion; B: Intracranial

pressure curve of beagles 11 m from the explosion source during explosion.
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Fig3 Records of high-speed camera of underwater explosion

A: Beginning of the explosion; B: The blast wave stage; C: The bubble pulsation stage; D: The explosion gradually subsided.
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Fig4 CT findings of chest and head of beagles in control group and 11 m group
A: Chest CT of control group; B: Head CT of control group; C: Chest CT of 11 m group; D: Head CT of 11 m group. CT: Computed

tomography.
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Fig5S Head MRI findings of beagles in 11 m group after underwater explosion

A: T1-weighted imaging; B: T2-weighted imaging; C: FLAIR imaging; D: DWI. MRI: Magnetic resonance imaging; FLAIR: Fluid

attenuated inversion recovery; DWI: Diffusion-weighted imaging.



55T AN A R BRI T TIA AT LR R AR 45 5

e 759 -

24 RFBMEFHGmEFRET HXEA (K
6A ) LA, #5502 LU A% R34 H AN [m] A 1) il
i, 05 EEAAL T AR e, AT LS N A
AR, Fo A BB s (& 6B) . H-E
Jeten] WM RERE 2, IR RS, AN
SR s o, i) T N AR K SRE 4 iR 3, 7K
i 7= 2, () 5 R 40 A I 3 VR (18 6C L 6D) o
TUNEL (2, UL A0, Bz 200 it AT J5i 200 i ) 200 it A2
iz Yy, ST RSB (K 6E. 6F)

» -

= Nl - ®
|IIIIIIII!IIIIIIIIII
IIIIIIIII!IIIIIIIII!

El6 KTRERMRBAS 11 m HELRRAHH]
KERZIRELER
Fig 6 Macropathology and pathology of beagles’ lung in

control group and 11 m group after underwater explosion
A: Macropathology of control group; B: Macropathology of
11 m group; C: H-E staining of 11 m group (100 X); D: H-E
staining of 11 m group (400 X); E: TUNEL staining of 11 m
group (100X); F: TUNEL staining of 11 m group (400 X).
H-E: Hematoxylin-eosin; TUNEL: Terminal deoxynucleotidyl

transferase-mediated dUTP-biotin nick end labeling.
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Fig7 Macropathology and pathology of beagles’ brain in
control group and 11 m group after underwater explosion
A: Macropathology of control group; B: Macropathology of
11 m group; C: H-E staining of parietal cortex in 11 m group
(100 X); D: H-E staining of parietal cortex in 11 m group
(400 X); E: H-E staining of hippocampus in 11 m group (100 X);
F: H-E staining of hippocampus in 11 m group (400 X); G:
TUNEL staining of 11 m group (100X); H: TUNEL staining
of 11 m group (400 X). H-E: Hematoxylin-eosin; TUNEL:

Terminal deoxynucleotidyl transferase-mediated dUTP-biotin

nick end labeling.
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